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Mil HOP AND WARAU'S FORrROVrDTNG 4 
COMMUNICATION UXkOLAIin INDiCVHON 

li AC KG Rt iND O! TRI I?C\ LN1 J ON 

Tlv on -*e t n\ ulat -v to -Ui iLm > nmwuavfM -\-;mo> 

v { v ',>^s uaJ , t 4 p ^o jnw*tt u a <" "o , *i e'i s ^ r ' N pr lN 
o> vf^ioj, o > ommr ' u ( is x k viu >1 ' <. s?>i t sm^ « O* 3 
uinTiii'jM ^ to^ - Si ir \ n :r t >s v it m .mv u\ ^ "> ,N 
■) hpl- fi <. J v- k A t o* r\ ~ < i^i f r xju m <. - ^ ^ t i a ?e!>v - ' <, V1 ? k 

v o > * o c «a ao<3> or <!V v Jt*rk <*> < *^ v " (N \\-\ o o ju ? »c« ■> 
<un >nj o* mxci, 1 * t ^'uo^ >^ io v i >ous a* i a, .rs < sa>o oi^ 1 1 

toc N ",o.,a- ^"j a Lru us -< o " o.^, 1 -^ " vjt C"^ 4 ^>V \> $ vu w 

0 \ iMor> 'tit it .v't-- v *TAf\, , r^oJu^t >i iV*!^ :>> *^ 
arr^Lufk <.oit! N vadf 0 -u no ( V a,o > lot. » v,I>V\ I 
^i^i 1 (i*) 1 ^o a-K ,itt\ thj^ s.>r;u> i^vO^vjJi 4 ^ m 

t< * raqi ^ r> ^ tc Ktsok >\^ s ^ , o x v i ru^u o r <. x" o " ^ *. i > * v 

1 ^ At No I V\ V c S'Kf'S) f ^K \ ^ «l \i^L^ 

Sm!--^ t ^ i - < f r\ \po j \ lr sac ox, 

^ o\ o i. e ploV , *n^i 4 pi' s 'tv ik ^ if^u. > w^kx, 

w "s a < t tn. " ' > \i b K'lcp ko*? *-w*.n v ^ r-- 'I b^uv_, " 
ir n^<. re- v ^ rtir^v i" t ou^ % " ik "otv itt i - o- -t^Wn 4 ! ^\ s>v 

v ec\"io ^ x \a c r h >m> d '^K tr^^ na^ ^ x j.r .i.se a ^ 
i»vU\.v*'< > ! ^*ti r" v^r v-'fv^c n b » ><■ t T ;\) ^ - ^ t- i s * ras^ lo^^i 

t-ci' i ■> i "IVA vinLx, t \ toasts ,r <nste-v »Vp5v U Vk il'<d 

<. i - ' < ni«f.»M:u .xn<r o ,r ^rr t M s !. 4 > ^.<\r . soir 

1 ; tJ^V x >vo"^ o * ii <. Nite oooxa ^ t° A »H' 'i >^ a ^ uovm' 



k.„ N \ * 4 a» *u ) a t t *^ m»1 us, oo oi tU ! x N t olo in f "a i i m! ^ 
3 i* - nno^ a v'j*,<i o N < n Jki <. ^,0- sxuu i Ax H 1 s< * < uo\ 

< N u c 'u'uol JV\> ^w' u>'^ % "> ^uiru ( « ?' lk- n > M.v>!vd 

<. t ^ - - j< < un b ti <. o < < ^ * i ^ t < 

^(ifiv i i Hm! x l o uu\4\\ ! ^ v; "i^i- u«.o*oed a< <N o C K ^ 
i> x. ^ - > \\>n o do >i ~ uu > b "u^r itiod >x m -om d 

->-\b>~ • t oir. ^ v,i s ' to drt 'a- tcovoi m^.o< i> \^ m ufv^i^d 
t*a - o, a 1 m tb of,*-*- v,r>^ ^mmm rr->^ ro o^obs d, n 

in eik mk* u< ) * a o i 4ob\" <■ > i b» po-. i x v u e v « ftd«^t^ 
o| r \v< o >\Ox ! a^t Mao I » e*<< , t i 

' . v. t 1 ?, f a' v OVA. h uiti". *cab, < n i , t \ - tnJ 
vi n ic " i . if a^ m>? ' io v irvx x v\ b , ro o* o< a s s ibo o -i j; 

, ->%>x 'ictl ^ se^ p-os <j» „~r on^ru.c^ i dr t»aa«r it- - \< vot o f 
t.<v ^ : <. d< I 'o lu 1 j c«\i T c(Uer *h< t * u< d» i ,1 p dad ^ ^ -u \ N s t 

<.u n 4 aut^'iK data it\osv <■ >wr j < un-^u^^ i{!t„it<t 

>■,*{■!> 1 »o n ono' <j < r ' r * 'I'if i r - ov h« e p 
.tt _ cttx , i» Us v.> s ^<>t,u^ ingb !)u cort N a Uv. t i n n ' V b t i tK 5 

n <r '■'l'- T tOv «I V iTx^Ci Mod ^ i fl 1 <* <-°r ■<' tb r I- t 
u kr sxv N it Mo ^ L « < Hi.ejX'H .opjiua 1( ?tvi v i >. ^ S ! d< t 
'n^ wd ho ^tAb 5 t-h- \h <<. < ,»v. ^ 

't oft < t > olb^ ai>>1->\ o x rit l «bp>"u v <\ a * l <* ,m< -n^c^- * 
^ 'i v vf^'n , v fr^vjHtK - ' v*i f, ti^ rb lu 1 n^x -^s x 
4 < < * n, upivav^K; otn " r>iKab o sad ?o x> <\ - m>.v- 

v> { <. * h i, t ' t^ul. p i<\u> j - u^ji « ,iOi v 4 iu ■» <{"■! 

i *,'.^\rt> t.ar^vfcOvOx rteti^u'^ io pox i b« o. • - ^ , ^ ^ ^. i x ■* 

x > * c< I «i ->irboi,. Iv.""^ t^j wut rt^ MU'ne.r d\ ^iraLk •« 
-rs-v/o, c t i no«t^. t?~dh io^ of mo > s ^nrol v > n M ! o<\b^l* 

ai v ri 1.J 1 mV ^nii^! l oo **\\ ! i-j* 4 r<jr , -» x-rrtt*^ r> t rim^s 



"iovj, a, 'xA'-n^ 1 1 x onx ,o •> ~x< We ttHlS*< * k °» <- i 0" 
a ^ i J -nd d » ) rM-^ 5 v„u e-«l < m~->^*->1 ^> ; n o J n"!; >r<^o 
I \ n* >^so v.ti ll^.i n s.e - tv u*n i «*r ' '"c v ^ i.i\-xn * 

\ ♦ \kk | >rt ks ♦ x * X a i T i *u 

- v < > or s , *>\>hon I udot^b " 1' 1 d> * i po\x lev-' 5- ' 5 xx 
} Ovso*. \ I >v r<- ii oM i ^.<a>io u>! 1 un C^UXt -O <t-> I ^ 

0 - > ^„ v ^ j- -^tz ^ mr-ne~on> * av<. «d v 1 r 1 ^mi " ^ t < N ^^xd ^ t oo^ n 
>i < a t -s ji -u ^rror rj> b o m<-u 4 u nx j ck >ooa \x v < - >o<. , I oi^et , » ^\ 3 
r, uo ho <i-*\i v> ,i t -iTj»u v\ i\>ut aoju-"' t' i v . r « ^ uo » * 

x > k \a s U» b ' " t< N iMset* I mi 5 in, ( < t \ < o; u.iU 

<r > > <4 ^txf. t u^x t^on^r- <i t Mv>< v* N ^n *nJ * 

•>o t * ^ n- x*- --o 0' to ) i*^" o- t f\< "i uo' iL < t 1^T'* |v>^r > d 
5 Oi o L< x 11 ^ Ns >o), m< iJ v>*txxJ j~ a^u h N *"<- N p nblo w to < Si.'a" 1 
Ho ix -*x- 'v^tt k N ol <" f ^ p-eo-* n ' * ^ a t}iu ect ' v ^u^f'T 

t an <. its ^ v *ie j^- \*ik i o 'ho h> . ho.o i! - N * t-"i^blo „t t to 
tli < . .< "-nj v a- i ! u sx*** :\v\<.*>>\ to riohoi o th 

,\ i <i \ xpk fntit tit*- po-^hlo m ooas. .ivfaN t r " ' a-o 

n ^ t * Jlai n t 't - io>^a j 5 o i|k 

1 v.rvw r^*\ot !vv i ^o o^ k> ^uxkuis t» ; io^o* pox^ ! t^e 

v, <: tOJ V> t>M ! \ lOTf'urK,s*\)r sWO O 1 IXvOUvV .000,!,' v! 

t\ N <cl wi^ ,as t s o nu % v bo s u^'O^efi ^t«'K " tli- '^t ^rJ » 
o t t^uJdi jv^a. U ,t03t s v"OPv»rho- . i *•< fr, »o \ l\ o! t>t 
"i »^ m-' j»o"tfibi<. . iv' v\ .)*• Uha^ v M^-r'^ 

v > > "idi^s fi t -\ co^v o> r^Kie s o^ o.wrto n» < oo^iiu.ivab N r y s x 
*l j K -i* « 5 w bs^ < < i > i t, 1 i v i it \ i- 

» 'vo^e ' co s da o *r fvi^o ? . ^ut, ->u ^mcoo n nd ^ % 

■< hi< - o'" x l\ i f 1 j. of J o • if iomjI od h ^t'or tr x ^> ^oi ^ 
or ^^t , Ltk 

> }« f".f,o'< b i\>Vs^x>" b'ti N '><.n C')\b\ ponet ^ ) >\ w< t \ o d». 
i.ot . U it^ft^ i »i\t-h* > -'u fosKs »^ o o:. <a,a, v<r ^ «v> ^ .h'^ 

m ^ n-> nc"M^ iht v-^n^to xi 04; v ^on^u *W ^ " d n^tK 

>oxk * xn j -x^t ih <. ^ -i\ to vOU-^ k i r'it'ror^ t.o-x ^ pto\. N 

"< c<t xi ^ >„c >c t>"5 01 ficxo ij^rxx x l( sr^ tv\<--< >o iho ^ < (.Ntor.c* v 

xx u - d nno1\o «**it ^ s>|xxrof t Loi- th» ocd ao b\ - 1*1 . 

> ^itob OvjOON ^ O O t)iv KUiT XI ^XbJO^SiON r ^ 

Tt radio ait tt A r iia^UN'^if^i^ h ox ^ w 0 N t « 
n>^i t'<4"sr ^vO rwir of th^ 5 o xti^'e 1 ,r x ^ 01 m -u^nt 
i p-H „o " ix.ot*^ x, ok ^s.r^d of iho irqos^x ^rr^i ,di tb. o< 1 o<o 



V >?^r>.<j *o I siii- »n ( x to ->n*l „ v u \no>u> it o*r* 

Pv»a t os hvi vv?'ji I n.u- to bie o-o * o s u"i - 1 > d * * 

r^Nr vi t\ *-iyv< tsa^.ut^" t ♦nee" t» ''oo^ff' ~ \^ - l ui. untj! 
\*rti u * vVi 4"\-> . ai n r^»o« ^v* * n ^ m - »i ^ o 1 1\ > o c\i 

sr*n M o~ "it a ^<^i^v. f*v fi\ u>l ssi tit^ i Mi'h >i t ^ 
t»-*> ^ u« r<."v"-'J iMp\'sic >>' ,r Aur xea^ ! e ^ dv^ho *. n 
u>! <i ait? an ' )i« i't \\<at> « v o**" <.- ! ui *h ^^-^V ui<- i 
o ^o-?o iu ^ t a h . d*.^ > <o -s\^\ n t >n > -us 

. ^ i.H '! ~>U ,5 ! h} J i{ Of t i.\ it OS< I > p'>\ uO 0 UH 

<n d ^(-^vo r'O*' 'iv ,\>o sp \^aat^ i * urp:o\j-!> 5>r a *~*>n k 
t Ai v « inn >* 1 } i ^ * " ^ v | * > t< ^ ? '•if 
ndf a \ir o> t o N U ,v nn u d i > i o IK o N <: - ft o ri>\ c, -o hrk v * >> ! ^ v » 
J ^nenvttou M th- o< f^h < ir t j >■> a 3 o- tod m ^u. ^ o ~o .? > 
r aMTve tvw-^ --*n^n i^nsi ^aj * 

SUMMARY OI JHLlNYLNmON 

"'i <5 iCi^-UH v\ % \t \ > ^ ^ <^ ,h0! V,^i » O - o, *0 'Ml * 

ffwA o i t toe £ itat* o ,out" ho coehollo o <v p v t ti 

<, ' roitiv '* >\ ") jC-'V A roTi'M \ * '-s ^i\>i r \Hv < e v. ? ^ 

r >>u i< 4 t-T . tx\ U i' N r-tj ^au o ^cvcias,i. o" ihv? ^to 

tn^suUi -i ,<„< toc > >»s>li J "xdtn^h H ^ to 1 1 m£ f<HM • i^.^ 

uui n ^ ^ 4 L o (in a da J t\ "0 f^x^i- ru^w t > ♦•"t- ^ 

V ^ hi- pu vf<m- \ ' ^ t< Cl*V<\ u-wru N %a ni s -tor 
th tv>o r«or f\ \so. s -l<.o cor 1 ^icu in ^ >i^n, *■ < tM »c 1 * 

<x i c > i < jocox > " to a s r 11 {U ! ~v t o^ th*- tt<j 1 ^ > ! uh.u*. fli^t 

THt- v ^"^ ^u"n>.»*o ^onpa 3^ o a o" <M"^J ^p^al x^tb ><.*•>' 

h * Vh \ f )a'ts x o't,n ( b uiat A ro^tr aoowr><-n- 1 ^ J 

r °< o.o' ^ v 1 t to ''u 5X\tibk ! u"i;t r i *■ >n< , ^ ^ r ! \ b* \ 
'3.-- < > < K<j iv> the jrorvMfio w t 

h ^ v^e- r ix-'-h th • ,do a KMvn N n , t " pov\ 
f Ojo^t tv-pt .r m \i u j ! t. lou^h jo >>t rj ^ukr* on tii*> < 
a^M ! i < a^ w t i < < \x in- ^ t f. " f a^l i ~ 1 ) m » t 1 1 ^ > ^ 



wo 



I „ 3t r " a < S K a>} 0\ "no! ^ N H nV* >-* ,H\ OtO \ 

d< <\ t > tin a phv-j } t ^ ',,'nt ^" a omi ( ^ov r^i ' 
u >"ci\\- u t \ a \ 1 <-H W sri u! ^oi^ \ a f the -.e'l-a . J\v^" --or^ 

1 ! \ J «\s*?J Ti- y. t th t' O Vt'rftif'HtP Vl'v^ \l o U f ; v 

h^i^ K "MHM'J K a<V-*H<- t-sti epnir \ <K!0^ <, a <. < ^ 
t ^ h x a pb t v if.i it Js eu 

!<,\dji;. v.a aiheidv pi;^ Tvi\ »x*.xr x ! <. pa^ a* f «\ ia do^> vO^o 
^esa ^*tt v *. *i»e ms, <. 3^ r< ^J- ^ *o >r ac\;> a * <, e*v * a\ > <\n. *ung 

0>. \C*jL UhU" ' 1° uO a OM iU(3v.O> o ,a s n oai U -1 * 0^1 "> 

r 5 v'Ui } T ! p i * v '>1 v^kl i'l 1 v * M^T f<i>1 " M 'it rn^-^ hk 

ri v ' \u td i« \paaa* - o* u^'on n - , v» r pad • o a th 
p. .US! us a> s a* a\ Ts*^ f } \»,t\ » u th o„,aj .a 

..i ok >j ,o asv.aa> t ia tao tv \ rtp^nsO a* l n "su** os U v t <" eo 
n><vv^ , \n s 'i pa~t ' < 'i< ia n nu 5t >o >v a* j >^>>? o x 1 ie f ^ 5 
k! ^ i Ms u'tu mo t.^jx t> < <a '-Mio " b^ ^ai x >*. s«-a ih< <<. saa ! -u 
- v ■>^u»'i >i " f -Ms' O" n<» ilisSriU^aiK'i <<^u>^a r-cif ^ ion th 
p.. a h u\X o cut *n »io h- 1 ^ 1a f ■> f^>.r,^k » ,t 'nr^rnU 
£ iv> or V.iHiU-s ts.\h 1 to, o<~ s < x i rjOViaTR mtl s N "v-^^ n-^J^ h 
<.bxm\ I >k m ,ri Jes '^W ^ oxa^r^ imu i.\'fo«c\ I - 

C PV \ C : I LAv WC'l^l • \'l It.' !0\ ? \ ' . -raJ h o 

reference... 

n v i n ieu'» 5 ii «\ ' r .k^vo st. i < a <„<. ! vilo 

|, N »ox ad o«t , n*i i< r I \ vt>r o T'f ? k ^a 4 ^ o< .u^-.-. 

fv'la - jm! i '1'^ VKM*, O- h\ i pivU'TllilU ' 't < '1 

uo"! *Tia> . ' ^ J he po>A\.i av^iN+r^u" (.or»r o- ^ <■ t - l o 

,ur-rlh v : o a^it*.n i\ 1 oi n ><■ v as^c* 1 j c aiHs' "\a.* ^t - ; 
n xasioU <- »v<- a °^ p N " 3 ( PK' x ^-a.<>^ ^ oi^Mo v» p. »cU ig 
Uv.ti o «.o v T,ng fa) t^or a ita J -< "*vo w ">v -\ rva > • , }U s t ,N ^u 
' , ^-nar<i i-s e isO » - a < \ ^jv^ v r ck v <v t*- -< f a^*' ^ ™* •(«' b\ v ' *■ 
;„ i n c on tkxoded to ! ta^b sns n\f\r K ^ - on 
v ,\v< a, m ib- -.x^v-.'! t>1 sotMfi >tn ^ana tM . tun ■> r 5 «. 1 i\ 
<. o- tx tl 1 > -< o' v 5 -e^'Kir niajv^u. ! U >! ^, i« - \ p*u i ri 
*eN»">o i<- a l^o i>^er a*, n Ari^t » ( n tra ^ ^ ^ s era- ) mO S < a ij 



^ 't.in'J-Ni.t 1 : Ms I' "r -ns NK>n oMn ?>v^w e. . i x ~x o* ^ i i ■> 
\ -Tt < K \\ij±x* ov.nnh \ u<- <i fUM <ii-pso ^ -x - 

1 i cure* uror , ±<x'\ o* to- * to i-Kurrux 1 Me ) avcxev 

» ".,»hlo u »Jn e > o*>n»vi>»t " -v* h >» * c «' *m » « v ^ - i -> <\ *>x> r e 
u <.bmt>i ( OX, l Tr > t <vi ^"X^ -s * * > uo - U <> < 

' » iniMni^' s\ith tb -i ^ ^ ,d * i n>,i xx ^ ->*i e .a 

'4< x,? 0 vOV'T^S -trxxu eerx 

^> -A u i t o if j> v. v t,"fO to s. xo 'a i.1 e !■> ^ N 4! t p x s*- ^ - 
f v ;soe o< <u > <M s 4 a ~-t< i x« *>e 1 ^ X"i ^ rx> ^ . i ^ i 
f> x i '"tea w> , r <{ f< n *■< lU^Tt'^v on v ^ t - t « u v >jx< < 
>» ic.vl Kx exviele a»«l*- t * } * * h \ >i - u mpI, 
u i is r ^o.nsK n ^ «, *b il x^<. 1 ^ 

txn i rxYv<r k , i wh s v ■ '^Uu x* t X s - \i v 

-x,>„<—o< \ -r ir?isx < v ^4»" ix, o— n -a 1 a xr exx H> , , v <n 
*i o -<-u o <i.n„f ik' O c<^ <-> it , ^ a, pi xe ;o ot 

^r'L « - <n* Jn ^^X>t ir'nLi m! ! "ft'M. i i •> ^ x> ; 

irro «. or <A*t * t i f e ^ * ^ Ji^i ^ <■ l>n\ p * r \ \ t i 

v N i "*x ^vy ' .ch" sue 

A> a>i(0v >if x i^ - duns i ( «Xf'A >r ^im i i *uft » o«i^^ i Unbx 

r v ,? i<i >- t * <- avirrxx ^aui h t ^ n •■ 'fo\i»/ ixjvpe ^Cp'^ . a ^ tN < 

, 'vUA^ )i i'K l!lh)M<^ ^x s\\ - to ' - i" v i ^ 

U- ^uxt rxx ^ " tUx> *x i te - re% ^< 'ii ! \.xn ^ u'-tr^ ^n'l l > x^ 
e„> xio iLi' cm ^«.m> n s^-jon » <<Txl«t t - n . x iik 

* x n j !i n t v. i p >\ i v *o dd l> d\~- t U< !cl t<. f i0< e 1 s< r<; 

j\. \4\sl a. t>o o>te s k x- J -» el . x Ix^ ^* t „ lo j v s >»!d 
i it Vv<xx> e ^ N KM- y <!* 1^ s ^ jeus. r "x col-*it< Vn x 

J'iUi t op' r, v-MtXOA uliX" il'Pt K . S,M!tiU.? IX' , > "H^ 1' 

• 4 \ ^ or, vxtru< > e> <! I Mte ^ ^Ki ycwt. toexx"-,- ^ ( nt,-x^> ,n ^t»t<5 e >{• 

"p < ' ^e a a m^. b < ? tx x lh so uxi i in u 'Mi^"^* s e*-^^ t 
» «i AX' t j*- . xM^eot "OVt 

!^o" 4 xxi <a Ki xiX.'Xsv" 1 t x! s s ^e i> fixiJ J^x N e- 
1 1 tjxi-i* uan;, 1 a'i\- »> b- , • v ex e<-<is*- ^ n»iot-^* Os r 
,< xt\ x tK j >■> t ! d err r-v> s eJ r* 'So ^ t Ir o><_ iua 

(TXMf O t t, . J.ikN 0 'f- V»<t Mi ii1x^\ H t h -> 1( > ( -T^ro 



wo <>s-<; un 



^ t i <. } V >}> j v s ti }!>*■} "> *■ ' u ^ ! ' ,i i T t *h i n\ 

* ^iU'LM ^ ^- »«1 ^ » tV -t»x M^-a- t 

, v rn^\ dp \ \ » £*■)■* itn \ a^k f t s u>i "x* A n 1 r^i 
>^ e--*!, Tw too to tv -m r*go uu • >! tV ,5 ak-uea > t o ,>"uv,^ u 
T' o <r t\<i.;i va* »o o* U\f i >< s eJ. ^^r 1 v^U o- <\ " *\ ns >r j 
p, -<j * <. \r>^tw . ! vuili * << «♦ 1 i\ k^-d t 4 » u> 

0 - s t' o» a s \ rc^'^n i ^\mrt rC- * n Aiu. Ci N 5 |\ t u - 

* tan* >'< o L >tt re.", op \~\ „ t Axnat 

< f, J ! x Ki O ^ 5 , K -\>M>->1 f >U .v-ni 't i| s ->.o <! 

1 kvOO ih *W^e N ^ - vn 'i inj a, >■ t k^.h .. >*■ 
*> > k < <^ <a' 5> vrn „r I * s i o!--m ^ , <<i o '<v'i^v>v t\ 
t >< ' \ ( > f <■ ' t n < ' > m « f M Sv> H t>c 

5 ,« i } o-'lit n >v oojt d\<-> t i ^> * < trav « i- ^ - N ^ 

? u ^ . i \! rw tK - ^ 'iuvuo's. '.^ My 5 pev *t ^ v u 11 N o v I ^f-' 

i p v u erw 'jo ^ i lo • s-s^oj ico ^ n I l!u * os 

v. , > <o oo^ * Jo;,\u ^ H'" < s * X 'OM U rt\ \ <v>K « ~ " , n 

c -aoi -^~ < ' i l 1 o h i*,r o 1 - i. oo u^io w o , ^ 

> r\ in uff-M ss e {. o^r >n < ^ ra» >^ « s > — w T >. n Uj< 

a^'' <*s J ^^M, uit^ir >i t DVa tOAUPur <. ^ - < o? ^ 

^ » v< n * m-J «>x >*o ^oal«*^ nl *< j n , a*. ««i ? 4 

v ^o.-< in, 1k t N o f ^Jal > « ur*-^ sit * t i 

Bkitr disc \un iox or thf ds awjsg^ 



ru uoi s <^ *i <.i n \iu«^> n " 

^ »t .3 \. ,j it u^-n ! ^ i* "auoo o ! -s 



■tj )r -ot k Lx \u>v i i * a < a s 



F^un - v- a Hod w^xatr o: «vuipte i \ - di-^'e v. i-< r*r->. .An 
reference to a power control system included tberein; 

Figure 4 js a block diagram of an exemplary portable unit illustrating 
particular aspects of the iiak quahty unproverneru apparatus of me 
invention: and 

Figure 5 is a block diagram illustrating an alternative embodiment in 
which the link qaaiitv improvement apparatus of the invention if. disposed 
within the cell-site. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

ixs-ktk*n hsresroal telbda*' telephone eocr.:en:c:at-son »>wem 
\r vd^F O'i- po- >nt m<.<.seUor, emoodied n< dm- tested i N Figure L The 
•^•*«m d ^ft ^ i ( ! ' <g„ ! > 1 rul ?o-> vTV \ nod sh" > teniae e^ in 
communications between the system portable vts>t-r. and the cell-sites. 
Cellular svsferns in large cities may have hundreds of eeli-site stations 
-ervrrn,; hundied^ ot thousands of portable transceivers units ie.*; . portable 
» e>Sv 1 < «t>e o i nv*i vhn v p > r ^ o x \ ie J <* <<w^ * ' 
user capacity in svstems of this sue as compared to conventional ?M 
inodalatinn cellular svstems. An exemplarv CDMA modulation scheme is 
disclosed in U.S Patent No. 5.103,459 entitled "SYSTEM AND MHTHOD FOR 
G EXE RATING SIGNAL WAVEFORMS IN A CDMA CELLULAR 
fFLEFHONK ^ SIT XT', assk-mrd io die ass.^r l0 e of the po-iem invention, 
the disclosure thereof incorporated by reference. 

In Figure 1, svstem controller and switch 10, typically Includes 
appropriate interface and processing hardware tor providing svstem control 
nJ veeam.r L> bv ah Nks Control;. *• So .ontrc-K fK -^ooo>', o* > euCo-e 
calls trem the public switched telephone network (PSTN) to the appropriate 
eelJ-site for transmission to the appropriate portable unit. Controller 10 also 
controls the routing of calls from the portable units via at iea^-t one cell-site 
to the PSTN. Controller 10 nay direct calls between portable users via the 
appropriate <vlb^te statins b-var^e such poruude umo, do not T \os<edy 
communicate directly with one another. 

Controller 10 may be coupled to the cell-sues by various means such 
^ d^<. J I uo*b t\ 10 optu t too t N " CO" i t oee - 

comnvunicatiorts. la Figure F bve exes apiary cell -sites.. 12 and 14. are shown 
aln< , r< > cuff u \ patch ^n i- ~ > nd ^ Vr \- ^ a ! b 
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a^ 1 ''v-"^ *vv.p, cnmne fr>{ ;v*wh votrmun w>ii^> *u i ? ^v* • t 

cell-site .12 and portable units 16 and IS- Similarly, arrows 24a-2ib and 
a- ^ ^-speau.-h ncbre *b j -v^nu cori N t..n^-uio » 1m-.- 
:\n-H\r ^.eh-cm 1- .mi fojta^o urm.- .c ami > CJ* V an i 14 
normaliv transmit using equal power. 

Portable unit 16 measures the total power received from mi-sites 12 
and 15 umt pa-ns 2ba and 2"a c nn\arh, unlaid*" nm* 18 nvdMue- m^ 
power received from cell-sites 12 and 14 upon paths 22a a rid 24a. In each of 
t-o<i,dva uno- ana '.8, snrn.n power ^ roea>u^\i in d.<- joo-ro^ vvtu-m me 
Miiu! is a wsjavrd ^cmd <V <.o?dc igA thw pn^ or ov^u T es.m\r 3- a^ae 
prior cvr.'iar.on nt dV roomed signal w>nh a pM<ndoiVM>.- p.'Nd sooeoum 
Sprea.djif.ii MgOu;. 

When portable, unit 16 Is closer to ceil -she 12, the receded signal 
power will be dominated by the signal traveling path 20a. When portable 
umt h- w n-^To- to <eh nuo Cie »\kui! po^ o; ^ I b. domeiated ^\ i.v 
^v, wi uo.< h ^ or s.ath ^m d.*h t\h"f ontaM^ -n* ^ ^ > t 
cell-Site 1-*, the received power will be dominated by the. signal on path 24a, 
When portable unit 18 i-s closer to cell-site 12, the received power wdl be 
dominated by the signal traveling on. path 22a. 

Each i" t<~*ab ! <> tn-» .0 av b >^ tu ■ MiiM.'. fiO^U\Wi 
together with knowledge of the celt-site transmitter power and the portable 
unit antenna gain to estimate the path loss to the closer cell-site. The 
estimated path loss, together with knowledge of the portable antenna gain 
and the ce)bsite antenna and noise figure is used to determine the nonh.ua! 
transmitter rower regained to obtain, the desired carrn-r-io-nois.c ratto m the 
cell- sit*? receiver. The knowledge by the portable units of the eel! -she 
parameters may be either fixed in memory or transmitted in celi-she 
.or >nnahor htoadost .~ig"^l- -etup channel n> ruue.ue otht-r dvn 
nominal conditions for a particular cell-site. 

As a result of the determination of the portable unit nominal 
transmit power, in the absence of fading and assuming perfect 
measurements, the portable urm rrammmed signal will arrne at the 
mar-^* -(.i«de tucav->i\ at th« Oi.u;ed cvner-do-oo'se rsno Ihuo the 
desired performance will be obtained with the minimum amount of 
portable unit transmitter power. The .minimization of the portable unit 
transmitted power is important in a CDMA system because each portable 
i <. i - i * \ urn;. , (h tth u Jdat c 1 1 j j f ! - - > i k i- 
same frequency spectrum. In minimizing the portable unit transmitter 
p n > o i it'ii'CU!. v d <> » Hd to . cm >rsp hn > *' >\i ^ 
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^ H' - u^t-» to iM><> t>\ *i qu^-no lr-?n ' v ^ t >r 

' 'A 1 J £TVv t X? v« tt < ^ ^ ~t i N t < !' * H ^ - ^ ! \ >H" 

! fTo"< <* r Jivt'V Ts t ^ it i 1 nuu ""on ul s „<m ~ 

^ *.* t»«n muLxx ' <\r i i n a* *« tr-o >n ou»f>x .ju tix 5 n r»:,v 
-o^jv' , Jteo < v^c.on (- «sd ~x odoo> >;rx! \^ t <t no U'mU »„,.oit 
1 s . -rN^'iH" the i*i ni'V"^ v >» N * « <^ «^ « Xk 1 

\M ,N t i vot'al: tr o ^ v<tt d \ h th !' v ^ t .iJ hu\ >< ~< N i t ov 
t>.> *v it-** ^t- r ! i -o< ->L >0^>o ^v«J I 

u*-. >jnt ^ so 1 " hot J i .!> i i i is'ti oa- >* r <:0 o tx . t p * ot k 

i .^'y ut i on »ir tv» A'fM"* ' *lu !v > *x x> 

> i t * n 1 i*^u» j J \ > v " *■ i 4 rjs - v v jo 5 K * u~i n\ \ > > 1 
^ i > ■?■» vuvn co.opor^t ^v, for .Kr»r^ 0 *> pa*h i >^ c sd u„tu o 

>tt 4t l<\bnsc) v (Kjn* 1 t^o os* i ^ <i ion t < 0„ ^Sa ( 
* \ > 1 11" i * - x**^ - i j n /^d b\ * w r|,«V'l U' \> ( o Ut^ > 

\ k r v ii o ri^vin * \ Urf^ito! re> '0^ .in. < ovt 

- ; m pivs^ .'Mivi^aatV e ^ t*- io f irdi' » i ^ o, ^ * * 

> ^ » urn- i k r imi> i.xiis„e 'iON l ^ ul sj . iht 
r a u, h^ivxv^ "> *rm< ^'j ^ t.u o »^ t v \v^<.,t k v o 
i«u t 'i rvvilio { o* c roia'i* ! »' * <m n tt , ^ -ski- th 
'v-uniri Ua o'n^Moo iv^e <>»■ tj • ; v t^oo u.ut ^ ,o u ,oot it r Os ^o 

^ iol-^! ^ >th >\^~oo j\ vi.' r^K -t o r,* N o *t o 

. f ..a £t i'*? toi ^ p r s<.x\\i r'i*x .m>i x * x s x m.Mo mi 
xv>< 1 h j. n^tb.x nv - >tn>; x N * o ota? j ^ opux n »u v n xio 
*. rv^ ^ j>« " f ? o x u\e; \1 ocd>OK *t fc * 1 v ju<>! U ^ ^ » 
"■>-• mJ<- i t o Jo^t oS t» ^uljl'ly si^'S^r o <m»'».^ o *• k -xv^tx'v < x, >j 
,i"a ' o* -x n rx tult tnxo^ >n n N i xtoo { e u \ • '■t ^i-i-^ th x^l --,t N 
^ 5v fiir« -li' to ih x'rtabk m < *» >^ \ » tho > i ^ p' 

x ->( »• ^ >-ai)i', i> .u f ht x s.> '\i rU on I - ^ poni t m ^ r^> 

n.TH* 5gr ' t, ^s'lti^X "> q kVix\ OV<J *l\ 'Mm lis *hx >. n "^Ik'it' 

u> e x >! Vx^ t^e c^r <^tt* ,-v v j< ^ j.ovso . * >. > smvn.^ ,.i - \Sx^x dx 

fulx, H t hn\ ^ t -KH-i on < d i > v x \ * ' > rx. k •> i x < n 

-it N xxt " o- »ht p >r ih\ in \ \\ \ x > ttp' - N v - v ' ^.j ^ o^ ^.i 

iyu-i" *<■ (. n * h to x x >t t > 

Ax x j^,r'va u* i„ !-e os-xu 1 N o n o »r ^ rt J" 
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n i\ * > »r ib> if s« ' U *N tom >s < n\ - i * o-ol IK the 
portable unit- is regulated by a control signal proportion! h> a a automatic 
^ oiitx.»i .\iA ; Mgna" IK ojutu, tM-to on "v tnwd hu\ 

power received by IH«? portable unit. This control mechanism is well suited 
io .situation in which the signal propagation characteristic* of the rwcr?e 
and forward links are substantially similar. However., when the 
.if^v.-.f > A - j.hai k** ~.-t* s o v ,not-e Ink J n . n o i' >\ ^ r l u 
ke.<\<..?d br.k ♦ne AGO su;ual 'V lce.ge< arpn-n am-\ »« i u-om ta. ^geel 
power on the reverse hnk. That te, the ssgnal power received at the ceh-she 
wu c >• tm ^"v.*i-i v i lo^ tlu 1 ^n ith" ^amc- v-pos t o 
eunirol commands transmitted front the co;bshe to the are used by tht 
p <»tn>it u Pi k ^mluMCe * a .t „a.n ,K|o >t t^ GV\! O »,'!-'! 
u&ed to control the reverse link power. The TX GAIN AD) .signal will 
typically be generated on the- basse of the average value? of the power control 
commands sncincied within a -sot of power control commands aceumulated 
by the portable unit. When the propagation characteristic* of the reverse 
and forward links are within expected ranges, each: accumulated set of power 
iOjr.ro eomomnds v»j;l mcfude app>\^ msUeA ; cuov.KH memx*:-- of 
power increase and power decrease (e.g., logical 1 and 0} commands, 
resulting in a static value of IX GAIN AD]. As is do.scril.vd m turther detail 
. . *o\ m e ptc e^-eo 'n rvl men! U r >g-m>kb of >h- i ek q n ^ M^t 
set on the basis of the magnitude of the IX GAIN ADj signal. 

Figure 'i?B is a graph providing an exemplary illustration of the 
' l«i < J > ; L.e I v ^«d\ *\H - t »a ^ tr-o K\tsK> an t 0 r< o *. m V 
cetKne Ac s< ;r>e t-,t>' ^ 1 ; Kca-e Y< v. hei. tne oc-^.Ne on i - v t-uo 
<\mgr k{. hv s.j.ue ot IX GAIN AO, wdl be portuU>.-d troea „ 5 nominal 
value of zero in accordance with the variation in cell-sue received power 
generally indicated by curve 42 (Figure 2A}. However, when the portable 
unit becomes located outside of the range R\, the value oi TX GAIN AD! 
increases in proportion to the correspond iog decrease in cell-site received 
signal power graphically uiustrated by curve 46. In this situation it may not 
be possible \o oh tarn the transmit power necessary to supply to the cell-sue 
the ck o. 1 >S'l y. i \o«. ptn \ iO'dM^h n , ^ u t 

embodiment the link quality signal will assume a nonzero value., e.g., will 
become a'o.chble as an interference signal, when the value of TX GAIN ADj 
t vevx^ a | * '.on u"d mi t^ t «os \ ( I \ nv ^ ' v\. v ti o ^ ^t<- > 
->7 w.l? be .educed L> aS\u< k ^cntatson ->t th> p.snal \- uor. u> t tn e ^ut t^ 
decrease the level of the audible imerferer.ee signal by increasing the ce.H-she 
u n t> oo^et b d o;*h e . re.-' -mr- t <- 'ik\u'i a 
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i<3 -uc-r^-n Hv \ > s % J ho aa «J*io uv„ v ,oreo,e t^Ml ^Ti ^o^tor.o Kf 
n\ oa-> ,<^M>„n-\m^^ ^'Xo \ X XX A~>) <^ ttv ;\^td>io uut 

\\M*„ 5 lUSt'H." -\5fi>Kls. O* tX> T<iTV? dj 

X ^ K,rdr...>S onchnMoncurg 01 peXt-ol 'T.ponirr i ( i-v o.t 

u ! * I ou i > sr'ttuWn' <^ deu or tk m*-~ » ' . u " ^» u 
-tojn isitVr, d«' t\ i\ <^;t respond <X for dmTV, ttu t\>x\4 t ^t^sruri- 
o; IL> ^WF-e 1 ul n J :v "ibf } nsth '^ior^iki' h> X^?o " A> ^uo^s,, 
m I ijxuis X an autonru ' 5 p; x v;dod t\w o< X\iv i k tvo ^xing t>u m L 
■;>, j iohle m;u? na^-rrXdd MprvJ- vXwn orv th> v t£o^«ci\i I s ^ruioji 
ju'^f 1 ' ! s X> arrsphfj' oi:o'i, <.{'iO*t*\ dov<.;o m\eo>>oi. a^d d- uA^Vi\ 
iho < i ti:\h; v.^rj^j., <\,tpm ucTi HXonv- :X -v^ p-sn^ed ;^ a O'-'xo^fx o* 
i > v* f ! Ju> v o s \ j cuo * ^ u" j X>d <*tt >i m (M l 

g< n^ador. *. * po^e; .luju^ni-T; <-ornsvriJ- j^u it»»K5t;i saou ur.nu 
jr;o*n .U:on i^'X X- nan^tr^.or Or*. ^u,:a ou'd^k *r 
( ^"orvor^a-k^ tJ po t^uLu' pentaole »ur.i '^«;h > xvtabk un*t X, *^ 
modus.e 30XF 

Moauk •> < <* ~a» tp» >o\ o ^Ua 1 vl.iv.i t u'o' *■ " v > h - Mil 
CifCUi* 38 v et,t'Xi?d powt t m-Mvavomeot , ir^xrajx aad 'Tansfiu 

iSii do a*o* i2 L\k slCit ! 5Vr 5 ^ v Of N D i. ')X 5 "O <\idot'"k ^P s -^ o 
or^^tw s > ^itrn^K for <.or^Lil"if> s.oti de i -r: < o i ^Un^ ti,*- posLib-o un, \ 

r- 1 psfd <.ot^ T :i«r!0 'hr^', x\5l!5 roriab.o uvn X Dij.i\t aa.o roconc l w 
r^o^dO'f Uv. nair'Jrt Kind djgU'i to ;;^o? dyttil Fa^o'-n^d vsr. i'.tt-s 

x »\ al d, i r-'iiH'" > - ! a^o p-ovnk \a< Kv<„ d ^>u vf u 

*. <. f v S d ^o^< > ^o t u u\i < t* j it v ^ 

u N the ;v„euvd ^ f ^n<V fro in p^rtsibk i:ud X t ,1 rouoi .nO'.va'UC^, 

v i'v'jit"} oi ! m ;^ftwv to d;u* ru\i-uv^ «.\ - i po-vs^j 5*\<?u^ cdh-T a 
|\>v„tr ur po^ot !.u>x\u ^-^\t-\ lidnii*^!^' ^i^r^^-^d x\ mo^ xpu~ 
i 1 hTi 5 ! >i 'F ' o" * * v \r ^ n is^ios tv> i > > s ! b x.\ o \ 

^f\v,;ldx tko rots'ixed p.Ax'et TiU^re'tMn no ".e^o tiini ih** pi^r* 
~ u v ,i}.p-opi^lo pow^-ur ^onroiand d^t i hd< >^ i;-^ rat-* ^ tbu^ 
? t « »tin t h t ir"uus<. 5 ro:t»hU ini* ^an ti < - p>^*» ^ ?o ^^^'v 
--ioM^K \, J il\ ;coc\vcd srea^ur^reut ir> >^»m-r xhav vm< p*o-»°t U'x o' i 
x-t v«>t d<"H\u oonnx.-tnd ^ ^e^-^itod sx^ fiwr H>o port-'^X un, } ir< ^srutS ^ 
o<a >f x Uvi>ed Fn * ;x s i< *i J >h f a' *t U'K ii I i-- ^ d>* "o i<x t < ; 
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digital baseband circuitry 5H where it is interfaced for co-.-p.Ung io ihei 
. . no - ivt i tus, « ir ^^rti^ U md oa*M Ni'h > b mmi 
orcuitrv 5H receives usee information signals intended for portable un.il N 
and provides them to transmit njodi.dat.or 62. 

Transmit modulator 62 spread spectrum modulates the user 
adoj^-wcoio intonv,v"»o- f Mg?\m> .rsoon^M.m to ^\>«.aoU oavt \ 
Transmit modulator 62 also receives the power adjustment command data 
Im * m * e„ t <ov\4? om.s-nt * u' h\ *^ fu ~\ A'n^sm' 

command data bits are also spread spectrum modulated by transmit 

i i ! a t „ hj) t > , xh\ >. ! u \ 1 « r i. x n i >? 

p-H).u< tb< spread speo-~irr nw.mated s.vgtrd to Movrr-r whe;-< o 
i ,i !i p; j v ( ^t ■><* * vui;jn m, a ds *-»ofi n~> < t » '5. wn 
modulators also located at the cell-site. 

.* nibm. J spu.sd .nw^um t>*g't>ih a~e «k u- *o v; nonet on v..t 
they are combined with a pilot signal provided by pilot signal generator 68. 
These combined signals are then provided to circuitry (not shown) lor 
trequencv upconversion from the IF frequency band to the Rb frequency- 
band and amplified. The RF signal? are then provided io antenna 52 lor 
it in ■> i'Hi mj » PK . { c n^ ! d id t u i 1 p >v> - t 

0 «.oo rd U- utfs me sx do- "> N *■ i v hlj 'in*,' a \« -nOuuv o' This 

circuitry., under control of the cell-site processor., is responsive to power 
aoyji-mvnl omMn^vd Msmab ttao^muiod K \io poiWoio uon w.-uch are 
demodulated at the cell-she receiver and provided to the cell-site control 
processor tor coupling to the circuitry* 

In Figure 4, the portable unit., such as portable unit N, includes an 
antenna 70 for collecting cell-site transmitted signal* and radiating portable 
an, g, <v - <v, a.cd d*~;\ a --j^v -'o-u^ie ur t N. v«0t>^ trv p/n ^gmd 
setup - t.mrel -,gnals .-ml dte portahh n;m \ ji!.!r.vu; ^gn.dN \:<^g 
antenna 70. with duplexer ?-i serving to route the received RF si&nals to 
frequency duwnconverter 90. Downconverter 90 operates to convert the 
v. i ^ eu\ it ^ T h\>,> I ho b n o ? v ^ "ia 'e.u' eo 

io a haitora^N n :n<n bbovvtP whe*e out o: h^ud hvou'-m^. « omponoir-> 
are removed from the signals. 

The oherod signals are provided to variable gam lb ampkner 94 
v*"en v h -m , la « *i*> trroft'd "I \ N a n N i i eo ^i^n^K 'u- o's no from 
amphfier 9« to an Ir to baseband dr/88) downconverter -ib for conversion 
to baseband, a? Yvell as for analog to digital (A/'D) conversion. The resultant 
e.gj a. ^aroplci. o*' the nt piuo^ d! -nd qoadratn;e ph.^v ^n <. HM .\ signal 
co:rror^eto^ ate t U'\tdo 1 to l'DMA .Mgn-d prooe-*oT tor diguai Mgvod 
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~ H -tti;h.v.^'U< I « MO if- o f < do\<-<^v> wk - ^ 

* "!*u \ 4., >r »U a \V>H"U\f ^f,' -I K ^ V'' !> .Jt 11 ' ^ u * i}- u 

-,>\r 5 v.<xu<o <^* N t-pt s- *. * kim^^lU' l' 1 „ho f ; " up i v» 

i*U o*^*- > 5 >-mv"/u Ln *i loth* C r*V \ - ^ i* f \^s- 

^ rprnd in -H-h ^-u 1 tlv tvv;* ^ < i i:. 1 r s.vrtu< -i^ii*, '\ C ins 
< .t'JCt m 1 r t p» ** ***mci c a- t "Jl0t H! N * R\ ^ t 

lb t M ;i .-M y r- <?\o-d a tho |V\<n h -n ! ^<d 

a^-us \ I" 1 ^ '^rjvr.u.'i p<< >m-\v * - >> in >l!>\-nt* N < x i» 

{:.■»! at ^ i t*ou * - N ut u f v u5x , e ut.Dj.uyi -s^r ^ \\ <o \i N a 

\ C< N J "X* <\A C>n f l J UK!^ b < ULb?, d f ^ vT^'t-piK^f v M.tfrc^ ' t 

n xs ^tr; * e* - a * N ! n u> <r j> vds< x r>iV\ ulud as h T\ i t A*\ v">% 

f j o U \,x-,n t wpbset <b \ \ ^ ^ ^1 x a^< J to <. ' : v 

,p < -jh r> tO- as s ^ut^Mj ! M-e p> le^ * r < »- 

si i, - v ! - na» w' He tacr pcv^tr-rp <.oj j j u\A ,,s, < ' i\ 

L\A AD <o$^sp>M^nvi {><•'- n' 4<p3<^> iu ic I J? J " » 
o t [i, v *h'I\*,^\ V^*v«i!i »r\«n^J « ion, ^to- 

An ni^hvu n H£ uo I fc1 ° o i* 'uS o> ar . i 4 k. K\ ^ p* \.ct -4- a" 

II } .?^.<i \ko& b\ iho hosj-oa' " tv u<i i stdsak , < ,jut k* ' x *-B , > 

} ums^i °s f v> x ^ mt <5 r^ajak* ^-pim uv"l* os \-5 is " v aa ^ 

< > v , > . ''f xs^n tb -, t f »r d^-**"" ~i» i ,i <.ouaut<, ^ ti-j ^ un ^ i^r» I In 
?< ^?rJ vV,uJ tr^n v \*rsentj Vi ,\ 1 v » tr; 1 ' 5 *-r m^h .'up e^t » 
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t-^r iK id - k Jx-> i v>\\A I Q ^arpVw ^ortsp >n 1m ♦ u * > o*ol 
"f. s.sh spu ."'m> o pro ° x n ">M ^o 1 p> ) - h ^ v. th 1 
^\ lu spfN > y } .rne*«-r-t b > r > p w ov s^>. U< * ! e v\\\ s o>v *i> 1 >i ^>»Ut 

^ s t^>r*vd % y >>r>a to <\tv >Ov^eo,< < i< N , ,^ ,s * <t a ^--^r-»J 
~n *. 1 u^t^ a hn- oj t n ^ to (LO ii ib„ i« N n «. s 3 . w i o 
h A' ^ r ^ 1 if hu>i>i ncd o-nb * v outp„ t -r i - ^ w ^ ^ i 

* b. j„4 H ,<»A « uL o< xv;*- d v 1 srwk- \v \ -tvu * oj >r*t^ t< 
t rod. v< >\*t£ o Mtinal oi^vi h\ -< Uo tw- ^ * t\ pot? o. >m 1 s 
accuc^s \si *b ««< itt'i < <\ > loo* < vi oi'j<> ^ o t o s '>k >, v 

n i h v i, ?; "^->rt n * < m£ 5 » ^^m<\k V tb < av> ^ A e ot nod * N u 
i ^ . d < r , ,>.Una 'rl^iti i "i ^ - -sa 5 1 0 

V »h<v>rt «p ore 4 ^ <l IX u V\' Af s> >>, u ^ pi^\4 d \ o 
« k t Mnow^ir d^po><\1 to <\ <mo e - "t^e TkOvO, < r r ^i^a < t 
uo v utdiv.a t^ £;ir ^iin) r r o^ Jt<\ n t nt win 1 > ^ so- 
\v U 4 Ui o iK or j tr *t i* >uti >k * ^ * '-u'pli^i «ij ^ ^t. xO^^aro^r 
M'i \o "ten ".i ^ x< ?r? rour'vt > O" 1 t^\>t T h Ot',v<!.i o o iJ »r 

.v\jnb<i ^H'fv^k" i> son be >t,ui *o a - <o - ^ t\1 "-ii^r< n»t"v 
< ^ ,iri»r I •>•> Ksn 'v os s oou\i a t K> ^'.-m&i^ ' < Ov«l t\ - „ n 

s*>u i y\o tTo^u^Cv.1 ^ .ftUvLp ioi I.'" 1 ^ ruc~op» N c*^oi I s <v. 

r « or ^ IX t -\T\ hj>\ \ x iK pjoKv o<- , uK»c.i-< x ^< to,v ^ , o>o 
caj! - a e Tivovu <si % ^obdou ^ no ^rohn'y r v> {-he \ o >\ 

C o -v \Dt - ;1 oh x^bi' 1 - o ! "X C-A \ Ai> >.^t Ja vS ^ n litou o 
t<^^ >, 1 T X , t vi^ic Ir< > i^ vMtr^pa* <u d 1 1 ^> t k bK^» > I \ C V\ 
Aw j ^thOiiX^ 1 Of ) i*tu " if 'lif> ^orrop miiiu i ^ j k1> *^ 

^-o^ ^ i » t >h tv. "icul sits t" ;\»»a K ie .nP ^ao^b \^j^o ! \ 
n^rt.n^e -< ^\ift^ a^.^t'o'o u Uu N t< ^~i^o oar v'«htt^ d it o 

«*f>d < x.aiM ^o.^m^^oo patsH- v,d f ^\ ^nf 

o < . ' 'i th< > ^ X vvrl v« & v. ?w N *bf j - ^ i-t <- rot:od o v \>~ 

n j* o v ^ a o t nee j.<^ ov ->-<Jr>n^' t\j, * ^s- n^* n t .. N t * ho > > ! H <.^t 
^ ">ao- \^.'b i CiOUT ^ t^' '^"otx "tjoju f > v<>ist. -t ' N n * x< \3 < I \ t., \ \. 
AD'b 

no > ^'iCi>c N f J*. iHt'T'tft *J lo t ^r* obt v \ i U r-u \ e v "s 
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a f \i'^ -\ r< . > ' tt ix»t s. < , , -{.mUo a„t<1 > x ^ H. t i - w 5 i run' 

n ^t- v. > rd .s vrsx ) t tl * ,( o ' N i n \tL 

\ , n a ^u> a 'X i , ( f k * * ?! i* ^ v N x^ " * 

eJ rwuo *" >e i<o sV »o i rx^ >x* vp'oi "to ) * *>m^' \„ ^ \ * . < s v \ \ 
,f xau v m n *. x s ? im*'- iJ > b\a N \ 

^ t dxx^i'ii ^< **v »jll~Mf-' ~u <>t nx^x u l\ w - o vn>!« „ t r 

~t- CvJa! ^ *• -*n<s^ t^vx ( ;.('! vv ,f r* t stJ> .rxi-^l' ».H fc W o ^pt\ 1*^*1 \ v 

> i > e » * "\ i \i\ \M »o' * t>> ^>>k »ri .rv, b < ^ t« U\ thf \ i k 

> 1 - t< b >1 ! . f ^ O i 1 >0 O > K J ^,NtJ \* " <-o-"r *TX» { \> ' t p >nah! 

v i < \i tX^lt v ^ <-\t< b p'^b ~> ;\ nujj a' ^ , v t » i *x Xt< «.ol ^Us 

<. ^ vsin»u 4 <. i »iv t.i ^ ab e !. *r^i\w\\ \l 4 t> 1 » <>n-x 
\ s ' > K < ^ a , o * i>lX<. d 

n tuiH^- o ioj\I^ v r .uiiiv 4 ^»xuiiOt 1'^' •« *v.1 r*i p «ou<\ r ^ ^x *r 

^ N i\ ,i n«>jv N s <Xi O' ^ 'and^'^t r unn • ^ N H' ? s 1 I'^" 1 n ,x n < 

TX Jul. t > **«U * .fu hv ? sCjf -v ftx\>rm.v ' .0 

1 * 'b<t t> »•< , to* * v> * " ! ?^ ^ ! I i»o:teiaH 'ro'o e o l^ok-u " t-itxe 
m v <-::$™ s'l *it (.0 U tK >ook lp tabs c*< v v,> h v> > N 

5 \" N iv qasO ^ M<>ral 10^< x**-r ' '"^t ^x 'm -j "Ju rm >x 

t * \ ,k ^jvJs >tciiv> 5 v '/ ! i < xn^rxd n ax„ t ? <xic t '- 
^ ^i. ui J Npeoc*^ ^>xnri-x arxl - K ! 1 »s x> xs o x„< *< * 

-'xxx' vix3- <^ jt et.,xr x-f^ 5 ^ * e d^ j*»d I'^i th vi^o< uxov 
< <. t i n U ' w * 1 \ b 1 It ». -ilo i <• f ,l * > i T nt } t ^ < t <■ 

v^lkiX; 5tit^!^iX,t; j^f V^vitt'd *1 PJT,K\L5' \OK< h 't ">a >f 

u s ,n «h.N -xa, xrv, w> <^ x^iig i ^ f ^xx«< «ij " t-otx V \^Li P vi 
v'» \ \i \o 0" "r^i" ♦ i~s -ntv .x- ^i„t -< 

s> s ! in r \t "\ ^-ou o;k!ks u ( h^1 o<. u t 4 »< v. - x <„ d«. « i 
s t? 5 t*l nt *x * , raU ~ <x \t v. n >n ^ nx< " <i\^x x Hi > ^ sr 
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M> '.lu Jt t -V r< t. >^<. 4 (>e>*h |\r -u otets »n.t - >^ ^ o o ra - . f u ^ 
kbp- » Z 4 k^'< 0' i " \hp- in ^J^.ivJ^ I «> s»t'n 
lv't, ooilcs *v* ~h -iU" . s I \ tr Iho ro*t» no ca a <a o o"^ <V 

s.v irr J > l^ve v 1 u v.^ opv^ io-t<m tv < s> n ouu i tr " 1 
«» ^ p <^k! ' t< N < <! \p^\k <.Ov>>< l '!"k v\,\K 

*< s p.oduc*- output ?>m> ^ m Mur^ 1 ot N ^ in 

r\o<i <i "\exr<^ a ^ , * to s.< v o\ icv <n,i»H dVt< x < t\ *x «. r ><. < r,*.k< x u 

tm . ^k*d oi * v k< -x vk n r ope*.ak ?l a k W e„ v>.v\> >x ~noi 
vcs i/.^oa i c f a o ''txh'it:^ k? c\>u\ ok Uonal " vso>£ et * i ,\vt, 

Id- r a r r ~! <<k «ion'ui\ su„rr ><1 * »u th ! pdo, o~ o e- u 5-$v>r^ <., 
v\ oi v r nei % n.f CtVj' -> a-ui T*u\KkJN t inUi o>i XI <"a * \ 

n ' >tt* H o p ^kn >, . j'. n e ! Tie \a ,o~ o* Kp^ou /Pl< ^ !' suo 
"\-\ 5 fiu^ r ->* ot w tRUH " ! Hf -nad'od t. ' i n a^r ^ r> o s t . "i\ * ! ol< '« o 

,r so -t !>i c\ c e pt ast-ne ^ u u^oa e t>-v b ^ k^rv>i3'.^ r 

-„^p > v „ i<> <r i \ rA T \ \r i 

A isw oi -tJ TiavKi. 5 embocitn o <^jo ; x Ai - 1 p^r> o^oi^ s < Pon 

diT^-hn^ Mcral b\ akkn^ ^k't> :n *< M o : iu^'- ^3<nvl k '^u^ 
^ 0< i «iv t M x n \oi aliOKUin v o* akn^n,', v h * >^ r fu\ iM<^* 
> c ^ a p-^v't' v. to s 1 vh«<.t N ^iiii v kequ \"v nsih IX \>Ai\ A \> n <■ 

kk suru< , ^ kt^ th.n w k'm" 4 <^h"Hf v\ s r- X »;a \ ^, 
^ v \ h "i uch x m~> ^vt i*i si. 5 14 i^.r 1- J„ p>. nit 

jui'ah r. sk'^ ^ .v.k \j.Nua <.1^okr> iraxa in* .t\» l n*MeSv. 

o I s «.,Af \ p J> , 

\ sf'^us >x Mifiioi'o > * 11 tt> H- ?.o\vt 'i i> ^ ii r Tv.ad< H a x ir*n, o 
iko" ^ <Jr.| n t^e a* 1 a 0 iu ^i^vK t oi -\ h« -n-i t ? ^\ - 

x "/ws i< N At ^ errjS vis Vi'- ^ 1 fV e 35 \<. \ . nvlo io 

j- v^^v r * ihi k.u ijr\^ > { t 1 0 ifi s x'o 1 ' ^» nt x h«. ^p^.ed ^ <. 
» wmik'^-i s-' t) i ,i h\:t inap it >m ^ px^et ^>nt <1 k ,a 
Uc'^niH^ a rfroi ^ta^ou CP a ro^x. ! k xk i' ~ 'or t» i-p^xv^ 
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CLAIMS 

L in a communication system ir* which system usei* 
communicate in forms Han signal ^ between one another vaa at Wast one i.oil- 

S I UM T ^ tA V t h ^ v 1 ! * v « < ! n ^"M\ ^ ' - Xt i \ 

communication signals, a system for improving quality of signals 
mmyumul to ^aid at leasa oix- ceF-s-'ic ir<xr a p^iabv commum>:atx>n unit 
uxh-d ^, I -^axi ^-t*-^ is s J u -1 ' mu n *<u N-iJ v rtmie 

xrmvxrnc*ti<\t urr ea^ uxbiomg a Uanxivit 1 an < a ^ t^-r irr 1 
^aid recover of said portable communication unit is operative to provide an 
.-utrmi sxma; k ^ne an: sxxem mx i r t>au1 iA'st"ra eompfi-mg, 

first power measurement means... coupled to said cell-site receiver, for 
measuring skmai power m each CDMA . onmumicatlon "dgnai directed to 
savi c-H^iU' tioffl c-a:d fransniShr oj ^a-.e; portable communication 

first rxnvr ioxwun^* earner md 4, " eiot-' rxa"^ ^x^ od ^ vnd 
cell-site transmitlex and to said first power measurement means., lor 
geu t it a m <- < h u- ji^m * i mrii t -p<. <. n\ r 
*. tnax < p< o ot ^w-i. i( rxuxN *>* ^01 h *" p. x i v - t o 0* v 

rx>m t 0:<4 p^d tern. nod pi^v^ kHv.1, ^aJ i~ittc *r?n-oe<ttei 
a transmitting said first &et of power adjustment commands; 

nsaam m; o~>'xxvtrov> ^ hot qxalab sk>xx at kar-4 f i"ti>u\\ 'ii r^-v:^e 
to said first sal of power adjustment commands; and 

^u:i,sviii!', nuxm-- iex combuurig sue >d onala^. signal w ah said 
ou a.^ '.au p x ^s to ^ dojo^W a .a>e 

whereby in response- to said link quality signal said one system user 
mav adjust the position of said portable communication unit in order to 
improve said quality oi said signals transmitted to said ce.U~«iie, 

2, The signal quality improvement system of claim 1 xvherem send 
x j » o k ^ "'M c - t I i s n m*- >. Vj>o>* s rbm t i | x M<! 
i.oroTrujnication xnut and wherein said hnk qualits signal is indicative of 
the level, of signal power received at said cod-site relative to a 
x <x h rpi>j< d xxmx " a"i m a k» gtm.v.n^ 1 "s 1 vcaeb.<. 

* signal being connected to said summing means. 

3. ".The sianal quality improvement ssstenx oi claim \ leaner 
S including speecii codec moans for generating said output signal as an 

, »o> v - 'f a> 0 ^Kums * ers hi uwo^ Md oi k*< u 
4 signal includes means for generating an audible Hnk quality signal. 
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4. i Ik i~ u on^ <v\ ^f*^c i s 'i n i \ m ^ ^ 1 ^ n a< ^ 
means tor generating saul link quality signal includes noise generator 
t>uf^ M? pta^ iu *g o ;',kv^ c* no^e * ~nd >^K-t a >t*\ ^ 
mr o<. dmg ^ue: haekgunnd nos^t Mgncd in ac^d^-m^ ^\th ,v.uo s<.\ a 4 
power adjustment commands. 

5. Th* i*£?)<il quakh imp v u\ eraom. system of ckvm 4 vvb- ! re n ^<5<d 
means iu? sealing includes; 

microprocessor means for accumulating saki first &sf of power 
adjustment command;- and for producing a none, indicator gain signal in 
response thereto; and 

< r ^ *■ >- < u n >h ^ v -u iOwkgnvr^ no- 1 K n n >i > 

indicator gain signal 

6. Ike s;%oal qu-ihty jmprovftnont swem o! clean i ndvn-n ^ud 
i\a <- iOi v^-^ma -a o imk qua <-v - >v^ ^ , oe» >^s<^ i r >a. ' e> I ^n 
said cell-site transmitter including means for transmitting said MnV quality 
signals to said portable con's muni cation unit 

7. The s^tna; qnakty improvsm'ont bx^tom or clnm n'hon-nt sa^d 
means tor gon< --sting said link quality -ngnal includes a nc^e ^-^c-it^ k»r 
producing a background noise signal, and further includes means for scaling 
said ha* karour.d r.*.*ve <^oc*J m accotdam>* venh -;r^f -n y-^vor 
a d j u stm e.n t conim a n d s . 

8. The signal quality improvement system of claim 7 wherein said 
nutans for scaling includes; 

microprocessor means for accumulating said first set of power 
acqus-r^m commands and ior producing a nct>e mdioa~ur «am ;n;na' -n 
response thereto; and 

um it „c "* i**pK>u, \* i i n - n> iJ iC ^ sid 

Indicator gain signal 

9. .n> -t^ T N q dv i I'Jm^H'I ^ ""i oi J m " iu ia 
including snn^a- pmce^-i rm am. dk-pOwcd m said portdaY loromr.nHahon 
nnu.. lor; 

a^cx-nedaimg ~a\l tirv -ct <\ pcx^e; adima-m-m a s . ar 

accunndated set oi po^'er acijusrmgnt commands; 



>k v t tr oi>; c-n -o*-n> 1 ^ " ns "-voi ^ r *o ^ - v<.a v iu au s 1 

and. 

"lu tV v\i^M op v, u v.o p^<r ^>*< m » > s rr.v tkr <„ ; r 

< j \e Mfia. >]u«. lav rrpn N u »*vi ^<;ter o -Jauft v! iu £ho- 

i - < N t -e to - \ vrw* *■ ! < o}u^vti> 5 t -^""n 1 <piJ 

a- ti-ti ^'Ciih opo -U,ti\ <. ^ n« 1 t><o^-r \ - ot ^ 

p. !»1 1> < P 5 aft i\>*t N IP "t\*i\.U5. ^ A . <<\ >^ v0» } 

4 a>|ux ,r n ' - ~ n vi a >xm\ ) f s ~ n< j is .su 'uda < j v^j - jO> ^ ^^^.s >w «,\^ 

P^jNvT Oi- -Oil* *""U^ plfU\ ft O (Oil H^H S<"1 ' T^^n r 

^ p .-tr e , m.iv 

1' To \m qua i*> tin ">iOVt. T'-nt <-^io*r >^i'\i" ~ ^V'om 
r'Ki yKiv.C'M'* t^n* "Jj^o 1 1 >!b do 4 'in it ng a v -ou^g*. ^ »a • <> 
-jo p< ^o* >»i oots*. aas^ n i c^Trvr n o\' n.rtK rroKk 1 - t "or 

* it ^»tti"< s ' ^r«. Hivit 1 o ^ \J "V ^ \t\d caxot M£ >\ % 1 3u>^ ^V.tH hk\ 

^i~ tl >t nLe^'"> v. a »uo Tn^'ittu 1 t^r tJOi .ur^o 

value., 

l' T'h n -or*J i]iiAit*\ ^"^'Hta j^'tn « the 

*v! ^ il> o v^ii \m i t i«\ P^ <.oir J i <t. - td ^r^^t^ft'tk >.h v. , ,e^o < 

u.u'ks'Cp m t t ( >i a^iJ-t-'Ti t.an-.a! -si< s *. ^ g \ N pou ' M 

OM,nji'it < I'orriU' n^'nio\n*uMiv,' ^rolhci \ o< iMiv v. 1 
> ,^5"'^ <".\1o dv^?^ nO-'j-k ,.ca^ n»A1\ t,!-^ l'«n 
ns a 1 H(.a i " Mi'tfjK a • ft; u lo. »oir >h's\ quiU'v » x si- 

* ai"-p>utt j o o --sd .t iw^oVu\l Mte w v 8 po'^hH u>i pi r u to^ir^ 
M s'j; K \ t.^t of -j 5 ! M^«ifa Uis^ -.'Kt v<r^ -^>t 0"^ so x pfft^l' ^ 

<. >"!Tiru <th> r 'ft * e c i itVi«"P^A <' *-top-5 >j '< ,ft,l . 'a^ ^ vK'i ' 
id - io«u > M ^ uc p i v^n; tnui-tuift u v, >- o ~< it p> h o> >n 
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>i Utw' U NvJi'- > " , 50Pi ^.i.v. tS ihi f ^ d pu , ^ 

omimunication urut; 

<. * '<r i,> rf * T -f ^ f- i av\<H -d v. ^U" , t s.otni' d^ ^r^-raT a n<> 
«. xmJ fur i' p >Wv?t 'O.sU.'WV »\ ^a,a, { pa\ < " ^ *• <no <r 
r o ^ ^ n tu t {. Hxi^tcj^uni-d a> v wt lexol s*xl !— r h i - r it r 
.> n>^iUi4 ^ s H»t\i " ;* v »i ^jit-'-T'-J-n ^ar^axK 

iOin'^itn^ hu\ v. a^l'V M^m. J loa*- 4 , 'imK a ?>> x av , 
h 4 % f po\\«;> aa ^a^oi ^nra <a* d 

<. ■> ! 'Hi>;« .?<i 1 r> t im is s^na* ^ „ ^ , u ? < ■> ~> a" did XN 

x lo-po^* ta *»aa nils us \ v. ; ( , £v, 5! > > ^ > * w 

i*xn aa^s t pa\iaar ^ ^i»vi rOttJ^ ,a na a i< <>tu t *j > I m (.-a* 1 * t> 
aa N u \-su run sf x at e..'»l ^*r><3\ ^ii^r tf v ta ^d 

d re rT^iOv* Uaxi "d katdr txhdxs^ *K -aer h t^vr u r 
-a . ou od ms; la i*< <n -andi^e ^ *>rd ^ud Mea i f c\i -»?v,ai^ a, St - 
« d mm, 1 ! axkd ng h <at a at -,xrk j .it* o*d d, ' ok .mM i\ - 

^ o -n ■> a<«ii« '4 ^ h* ^ n ju v. p a „ui ua s 2, ' a\ 

a \ r Maui rx ki -k^< < * r>nKi x? u, o tx> " ^r^i u \j ^i^'n*,. * 

-o Uv< ais lAf s fa o* ^ ^n 1 - J ha^'/^ai^ no— -fa " » N 
^> a- k v v fh ^iu f i'j^t »«ot o! ao<-voj . \*rt <m canuwx? ■> 

Hi- rvts >J »t ^ ^ »r ^ vaie-K us Mkl <p !, * fkvd^ io 

steps oi: 

iv-, ru IHts, ^u»1 ta^i hv.- o^ t ^o ei . J,r-tm-U i >ji K oaJ 
r'-ao^K"*^ ri n-v rx! ^ r >r ^ ^ $ u us ojj^o tlv -eta < 
i>' | * j d »"a^c * Uft"4i -i" r 

" ' lh Tii*-fSni a ! < lair i i N xn.u ' aJiai ^ ! v .i|Vhi< Mi i ^ 
s * 'a^ s'jd a, !< s jxS » <. v o r it\j.iz&* ^ tx.ru 

h T.*' ttM^oJ ai c a.i- * i r ^ 05 io [la 4o ^ or 

a<.vv. -n^Lia, -a a fj u pou *« \ < roa: srun t to . 

i > i >t ! !i s 's. ,t^, tcf. x <k. s 11 !'r a )x ( i ^ i ^ < f! a 
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€ gam. adjustment Mgnal. 

K Viv method o*- 1 lam* $K nolnex indudmj, dv ^\>p^ o;: 
.7; compiling a table in which vab.es of link quality signal? are indexed 

a* a i unci son of corresponding valuer of transmitter gain adjustment 
4 signals, and 

determining a value of said link quality signal horn said table by 
■S wt> ^ * i-i 1 ii-fil> r „<j I f u> n sua' « n o n 

table; 

20. The method of cMm 16 further including Cue steps of: 
2 den-rnmnv cJ> z\ *^gt- \«u.* o' mo «. *■ «.>vU' .!.b>ttn,J 

commands, and 

4 setting magnitude of said noise indicator gain signal in accordance 

with said average value, said magnitude being inversely related to said 
6 average -value* 

2L The method or claim 13 further including the step of adjusting 
2 transmission signal power of said portable communication nnit in response 
u ^ sd *<tM ^o* *y pvAvo* ad in *n u<* uin:f «V 

22. A method of providing a communication link quality indication 
2 w a commutation system having a cell-site and having a set of portable 
units wherein at least one of said set of portable communication units 

4 capable of movement m relation to said cell-site comprising the steps of; 

measuring at said cell- site a power level of a signal received from a 
6 particular portable unit, of said set of portable, communication units; 

comparing said measured power level to a desired power level and 

5 producing a power adjustment indication based on a difference between said 
measured power level and said desired power level; 

0 providing from said cell-site to said particular portable unit said 

power adjustment indication; 
S accumulating at said particular portable unit a set of said power 

adjustment indications and producing an average value thereof; and 
4 producing at said particular portable unit an communication Link 

ena;J> meh:ahon \vhon scud v^eragr vaiu.^ \eeedc- t preo^*e i -mmtrd 
,6 threshold. 



23. t\ m " k n ' J \\ o "Vi m< vO a ^ wn n k m e ^ 
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indication is an audible noise signal. 

24. The method of claim 23 wherein said audible noise signal 
^creases in volume as said communication link quahry Indication further 
exceeds said predetermine threshold. 

25. The method of claim 22 wherein said communication link quasity 
indication is presented on a visible display. 

2.6, The method of claim 22 wherein said communication link quality 
indication, is an audible tone. 

27, The method of claim 26 wherein said audible rune is periodic 

2S. The method of claim 2/ wherein the period of said periodic 
audible tone increases is a function of the atnouat by which said average 
value exceeds said predetermined threshold, 

29. The method of claim 22 wherein said average value controls said 
power level of said signal received from said particular portable unit at said 
cell-site. 
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